of squirrel hakes and searobins, have shown that the chemoreceptors of these fish are most sensitive to rotted extracts of clam, squid or other animal tissues . Fresh extracts or any of various pure substances, including amino acids , did not stimulate as much as rotted extracts did. They also showed that the hake's receptors responded to acid, but not to NaCl, sucrose or quinine.
Our preliminary experiments on the sea catfish revealed that this fish is specially suitable for obtaining further information on the properties of the taste receptors of seawater fish. Sea catfish are common along the coast of southern Japan.
Histological observations of cutaneous taste buds of the barbels of this fish and behavior observations on the reaction to its bait were undertaken by SATO (1937b) . According to SATO, the fish can recognize their foods through the chemical senses, and the olfactory organs and barbels seem to be most important for this reaction. Because the ability for recognition of foods is not lost even when the olfactory sense and vision are eliminated and the barbels all removed, SATO concluded that the lips of this fish are also valuable in detecting food.
The present paper deals mainly with single-fiber studies on the taste functions of the sea catfish.
METHODS
The experiments were carried out on 43 sea catfish (Plotosus anguillaris (LAOEPbDE)), averaging 30 g in weight.
The fish were transported from the fishing ground, Aritaki, Mie Prefecture, and kept in an aquarium of artificial seawater . 
RESULTS
Afferent fibers in the facial nerve. The barbels and lips of the sea catfish are extremely sensitive to mechanical stimuli, as reported by HOAGLAND (1933) on the catfish Ameiurus. Even a small bubble adhering to the surface of the lips stimulates the tactile receptors.
To deal with purely gustatory responses of the sea catfish, it is essential yet very diffitult to exclude disturbances bymechano-receptors unless the facial nerve bundle is dissected until a preparation of a few taste fibers or a single fiber is obtained.
The tactile response could be still observed after chemoreceptor activities had deteriorated. In addition to chemoreceptive and tactile fibers, the facial nerve innervating the barbels contains fibers which respond very selectively to artificial distortion of the barbel in certain directions. This fish has four pairs of barbels around the mouth, and does not move them voluntarily.
The spike discharges produced by bending the barbels persists as long as the barbels are bent.
There is no significant adaptation, and the discharges almost instantaneously cease when bending is stopped (FIG. 1) . The discharge frequency depends on the degree of bending. These findings suggest that such impulses may be produced from the presso-receptors in the barbels. HOAGLAND (1933) noticed in catfish Ameiurus that reflex bending movements of the barbels spontaneously occurred and were accompanied by bursts of impulses in the facial nerve. He suggested that pressure receptors or muscle spindles in the barbels may be involved in the initiation of such impulses.
As the sea catfish does not move barbels voluntarily, the presso-receptors in the barbels may serve as receptors which perceive water current and aid in rheotropic orientation in this fish.
Taste fibers. Electrical responses of a few or single taste fibers in the facial nerve were recorded during the application of various sapid solutions to the lips. The test solutions mainly used were sodium chloride (0.5 M), quinine hydrochloride (0.01 M), acetic acid (0.005 M) and sucrose (0.5 M) dissolved in seawater and distilled water.
We at first did not expect that salt solutions would give positive responses because of previous adaptation of the receptors to seawater.
For this reason, we failed to recognize the effects of stimulation of sodium chloride solutions hyper tonic to seawater in the initial period of this study.
In Many fibers tested responded to two kinds of taste stimuli or more. We found a few specific salt and acid fibers, but no fiber responding only to quinine appeared.
In none of the nerve preparations tested did sucrose give an appreciable response. It is notable that water does not uniformly and strongly stimulate chemoreceptors of this fish, which is constantly exposed to a hypertonic aquatic environment.
We found some fibers which respond to water, but their responses were usually weak. These fibers were not (or barely) stimulated by any of the NaCl, acid, quinine, and sucrose solutions and distilled water. In FIG. 3 , typical records from the "nereis fiber " (as we have tentatively denoted this fiber) are illustrated.
The responses of the nereis fiber to various sapid substances including three anithal substances are summarized in tiveness of different sapid substances on the individual nereis fiber differs somewhat from fiber to fiber and comparatively few preparations were tested, the following conclusions are suggested : 1) The fibers responding to nereid worm extract are also stimulated by sera of human, rabbit and carp without exception.
2) The nereis fibers may be classified roughly into two types, namely, one fiber type which does not respond to human saliva and milk (strictly specific to nereid worm extract and serum) and another type which is stimulated by human saliva and milk. 3) In many cases, the fiber responding to lecithin from yolk or betaine is stimulated by saliva and milk. But the converse may not always be true ; fibers which respond only to saliva and milk were rarely found. It should be noted that betaine is a sapid organic base abundantly found in molluscan and crustacean meats the fish feed upon. 4) No visible differences of stimulation effectiveness between fresh and stale or rotted worm extracts are observed.
The active stimulating components of nereid worm extract may not be a macromolecular substance, because the active components are ethanol soluble, are insoluble in both ether and acetone, and are dialyzable through visking membrane (porosity : 24 A). A gustatory active substance in serum occurs in both the ether soluble and insoluble fractions, suggesting the presence of at least two active components in serum. A similar suggestion with respect to the gustatory active components of silkworm pupa extract for the taste receptors of carp was previously made (KONISM and ZOTTERMAN, 1963) . The active agents in serum are acetone insoluble.
Extract of nereid worm gave positive responses with many fibers, but it was sometimes observed that certain spontaneously active fibers were silenced by the application of the extract, while other sapid substances such as saliva, milk, salt and quinine stimulated them. Blood serum also had a similar effect, though it was somewhat weaker than nereid worm extract.
The No. 28 fiber in Table 2 is one such fiber, and its spontaneous activity was silenced by the worm extract and serum.
The inhibition is more clearly seen in a small nerve-bundle preparation (FIG. 4) . The possibility that the inhibitory effect of nereid worm extract might be due to certain toxic substances, if any, such as nereistoxin which is found in a species of marine worm, Lumbriconereis heteropoda, may be ruled out because serum and earthworm extract also had a similar inhibitory effect. Presence of toxic substance in Tylorrhynchus heterochaetus is not yet verified.
CONSIDERATION
Our single-fiber study revealed that the sea catfish responded to hypertonic NaCl dissolved in seawater, to quinine and to acid, but did not respond to sugar.
The insensitivity of hake fin chemoreceptors to sugar was shown by BARDACH and CASE (1965) from both behavioral and , electrophysiological aspects.
Results which have hitherto been obtained on the stimulation effectiveness of quinine on the taste receptors of fish, both freshwater and marine, are conflicting.
Behavioral observations of WUNDER (1927) on freshwater fish, and of UEXKULL (1895) on sharks showed that the extra-oral chemoreceptors of these fish did not respond to quinine. This was confirmed by BARDACH and CASE on searobin (behavioral tests) and hake (electrophysiological tests) fin preparations.
In opposition to these findings, KONISHI and ZOTTERMAN (1961) and TATEDA (1961) isolated the quinine-responding fibers from taste nerves innervating the palatal organ of carp and the barbels of catfish (Ameiurus melas). It is not yet clear whether or not the differences in the sensitivity to bitter substances are due mainly to differences in the physiological nature of taste cells located in different parts of the body. KONISHI and ZOTTERMAN (1963) noticed that great differences exist in the sensitivity to different taste stimuli, especially to quinine and sugar, between European and Japanese strains of carp.
Considering this fact, it is possible that differences in sensitivity among species of fish may be due to ecological and physiological adaptations to different environments, as suggested by BARDACH and CASE (1965) . Our results on the sea catfish show that the total number of impulses per second for four seconds obtained from each single fiber in response to quinine is almost the same as the total of response to acid. TATEDA (1964) reported that the relative effectiveness of different taste stimuli, represented as the total number of spikes obtained for each single fiber tested, coincided with the results obtained from integrated neural responses, Distilled water did not give a positive response with most preparations, although we observed a few fibers which did respond slightly. This was an unexpected finding. Further extensive studies will be necessary to understand the stimulation effectiveness of distilled water on seawater fish chemoreceptors.
It is of particular interest that so many fibers responding primarily to marine worm extract are found in this fish. This suggests the existence of highly differentiated specific receptors which may function in the quest for food. The possible existence of similar specific receptors responding to gustatory fish-attracting substances were also suggested in freshwater fish (carp) by KoNISHI and ZUTTERMAN (1963) , who suggested that one of the gustatory active components in silkworm pupa extract which strongly stimulated carp taste receptors might be a glycerophospholipid-like substance or a substance attached to the lipid. The active components of nereid worm extract and serum which stimulate taste receptors of the sea catfish are not yet known.. However, it is probable that the gustatory active components contained in nereid worm and in serum are not identical to the active components of saliva and milk and also lecithin, because the latter substances sometimes. failed to stimulate the fiber responding to worm extract and serum. SUMMARY 1. Electrical responses of the taste receptors of the lips in sea catfish (Plotosus anguillaris (LACEPEDE)) to various taste stimuli were studied by recording from single facial nerve fibers. 2. In addition to tactile fibers, the facial nerve innervating the barbels contains fibers which respond specifically to passive bending of the barbels. The extremely high sensitivities of barbels and lips to mechanical stimuli and the bilaterally symmetrical innervation of the facial nerve branches suggest that the tactile and the above-mentioned pressure receptors may subserve rheotropic orientation of this fish. 3. Study of single taste fiber responses showed that taste receptors of this fish could respond to NaCl, quinine and acid dissolved in seawater. Many of these single fibers responded to more than one kind of taste stimulus, but in different degrees showed a variety of individual responses. Sucrose did not produce any appreciable response in the fish tested. The stimulation effectiveness of distilled water was rather inconspicuous. We noticed highly specific responses to NaCl and to acid. 4. A fiber which responds strongly to extract of marine worm was frequently found. This fiber was commonly stimulated by blood sera of other animals and sometimes by human saliva, milk, lecithin and betaine. It seems probable that sea catfish may have highly specialized taste receptors M. UCHIDA AND Y. MORI responding to gustatory-attractive substances.
